The meiocytes of Uraria picta (Jacq.) DC (Family: Leguminosae; Papillionoide; annual medicinal herb) had nϭ11 chromosomes with an average chromosomal association of 0.11 IVϩ10.29 IIϩ0.98 I per cell at diakinesis and metaphase I. The bivalents formed rods (rods: 1-11/cell, 6.95Ϯ0.22; rings: 0-9/cell, 3.59Ϯ0.25/cell) mostly at MI with mean chiasma of 14.22Ϯ 0.24 (8 to 20) per cell. Formation of 11 II in PMCs was predominant (62.71%). About 11.25% of the cells had a ring quadrivalent. All AI cells were cytologically balanced (11/11) with an average pollen fertility of 97.58%. A persistant feature in 100% diakinesis and MI cells was the presence of secondary association of chromosomes and the chromosomes assorted themselves into variable groups of 2 (0.85%), 3 (5.08%), 4 (7.63%), 5 (11.86%), 6 (42.37%), 7 (19.49%), 8 (3.39%), 9 (2.54%) and 11 (1.69%). Out of 52 different chromosomal associations among the group classes, 3 II(1)ϩ2 II(3)ϩ1 II(2)Ϫ16.10% (6 group class) was most frequent.
Pairs of bivalents and univalents lying in close proximity but always without any distinct material connections were referred to as secondary associations or secondary pairings of chromosomes (Darlington 1965) . Stebbins (1950) considered these associations to be the result of modified chromosome rearrangements such as duplications, interchanges, etc.; while Jelenkovic et al. (1980) attributed it to the mode of heterochromatin distribution in the genome which possibly facilitates the alignment and synapsis of nonhomologus regions. Malgwi et al. (1997) were of the opinion that secondary associations of bivalents may be the outcome of residual pairing potential of those segments that could not achieve normal synapsis at zygotene but were sufficiently identical to attract each other without the formation of chiasmata. Secondary association of chromosomes was first reported by Kuwada (1910) in Oryza sativa followed by Ishikawa (1911) in Dahlia variabilis and since then were often encountered in meiotic processes of plant species in tracing basic chromosome numbers and the polyploidy nature of the species (Riley 1960 , Kempanna and Riley 1964 , Sharma and Chatterjee 1966 , Gupta and Roy 1973 , Agarwal 1983 , Sengupta and Datta 2002 , 2003 , Mukherjee and Datta 2005 , Iqbal and Datta 2006 . The present investigation describes meiotic chromosome behavior documenting secondary chromosome association in Uraria picta (Jacq.) DC (Family: Leguminosae; Papillionoidae), an annual erect herb (also reported to be a woody herb- Okusanya et al. 1991 , a perennial herb-Anand et al. 1998 , Rahman et al. 2007 , and a shrub-Gill and Husaini 1986) with immense traditional therapeutic uses (roots/leaves/whole plant) (Allen and Allen 1981 , Jain and Defillips 1991 , Kirtikar and Basu 1995 , Yusuf et al. 1994 . From the available literature it seems that only chromosome number nϭ11 (Miege 1962 , Bir and Kumari 1977 , Gill and Husaini 1982 and 2nϭ16 (Sanjappa and Dasgupta 1977) are reported in the species. Further, Wheeler et al. (1992) and Pridgeon et al. (2003) documented 2nϭ20 and 22 (18 species analyzed), and 2nϭ20 (20 species studied) respectively as the chromosome number for the genus Uraria.
Materials and methods
For studies of meiosis, villous spike like racemes (young inflorescences of 2.0 cm to 3.0 cm in length were collected; flowering period ranged from July to September) from 10 randomly selected plants (plants raised in experimental plots of Kalyani University, West Bengal, 22°99ЈN, 88°45ЈE, elevation 48 feet above mean sea level; a seed sample of the species was collected from Medicinal Plant Garden, Narendrapur Ramkrishna Mission, Govt. of West Bengal; voucher specimen deposited in the Herbarium, Botany Department, Kalyani University) were fixed (5:30 AM to 6:30 AM) in Carnoy's fluid for 48 h (32°CϮ2°C). One to 2 drops of 2% iron alum was added in the fixative for proper staining and at least 1 change was given at an interval of 24 h in the fixative for removal of precipitates. Pollen and pollen mother cells (PMCs) were assessed from anther squash preparations from suitable sized flower buds in 2% propionocarmine solution. Fully stained pollen grains were considered fertile. Meiotic data (diakinesis, metaphase I (MI) and anaphase I (AI)) were pooled over the plants and presented in the text. Photomicrographs were taken from temporary squash preparations.
Results and discussion PMC squashes showed nϭ11 chromosomes (Figs. 1-8 ) in all cases. Out of the 8 different associations studied at diakinesis and MI (236 PMCs' estimated), 11 II formations were the most predominant (62.71%); while the rest were 1 IVϩ9 II (4.24%), 1 IVϩ8 IIϩ2 I (3.39%), 1 IVϩ7 IIϩ4 I (3.39%), 10 IIϩ2 I (17.80%), 9 IIϩ4 I (2.54%), 8 IIϩ6 I (4.14%) and 7 IIϩ8 I (1.69%). Average chromosomal association per cell was noted to be 0.11 IVϩ10.29 IIϩ0.98 I. About 11.02% of the meiocytes had a ring quadrivalent. Bivalents showed prevalence of rod (rods: 1-11/cell, 6.95Ϯ0.22; rings: 0-9/cell, 3.59Ϯ0.25/cell) configuration at MI (222 cells scored) with mean chiasma of 14.22Ϯ0.24 (8 to 20) per cell. All AI cells (72 cells analyzed) were cytologically (11/11) balanced. The average pollen fertility recorded in the species (1562 pollen grains assessed) was 97.58%. Thus, it seems that presence of a quadrivalent in relatively higher number of meiocytes did not affect the pollen fertility (as far pollen stainability is concerned) due to their regular disjunction at AI.
It is interesting to note that bivalent frequency per cell tended to form variable groups (2-9 and 11) both in diakinesis and MI cells; although univalents and multivalent were also associated in groups with bivalents. All analyzable meiocytes (100.0%) demonstrated the formation of secondary groups of chromosomes (Figs. 1-8 ) in the form of 2 (0.85%), 3 (5.08%), 4 (7.63%), 5 (11.86%), 6 (42.37%), 7 (19.49%), 8 (3.39%), 9 (2.54%) and 11 (1.69%). In the present investigation a total of 52 different types of associations were recorded among the group classes, of which 3 II(1)ϩ2 II(3)ϩ1 II(2)-6 group class (16.10%), 3 II(1)ϩ2 II(2)ϩ1 II(4)-7 group (Figs. 6-8) class (7.63%), 3 II(2)ϩ2 II(1)ϩ1 II(3)-6 group class (6.78%), 3 II(2)ϩ1 II(5)-7 group class (5.93%), 2 II(5)ϩ1 II(1)-6 group class (4.24%) and 5 II(1)ϩ4 II(1)ϩ2 II(1)-3 group class (4.24%) were most frequent.
The computation of X 2 tests among the different group classes of U. picta (X 2 ϭ289.02 at 3 DF, pϽ0.001) revealed heterogeneity, thereby suggesting that chromosome assortments were non random with a preference to 6 group class. Further, cell frequency of 6 group class was significantly higher than expected and it was verified against the pooled frequency of rest of the group classes (observed: 6 group class-100, rest-136; expected: 6 group class-26.22, rest-209.76, total 236, X 2 ϭ233.56 at 1 DF, pϽ0.001). Apart from the frequent occurrence of 6 group class a chromosomal group of 7 was also observed in relatively higher frequency.
The persistent occurrence of secondary association of chromosomes in U. picta therefore indicates the secondary polyploidy nature of the species and a statistical analysis of cytological data revealed that the probable basic chromosome number is 6. The species might have undergone cytological diploidization in the course of evolution to show near diploid-like meiotic behavior. Although a variable number of associations were encountered among the group classes, and the preponderance of the quadrivalent formation in relatively large numbers of meiocytes possibly suggests the autopolyploid (probable selective doubling of chromosomes-as xϭ6 and nϭ11) lineage of the species. A cytological approach, involving the observation of meiotic cells, is a conventional approach to ascertain whether a species is auto-or allopolyploid in origin (Chenuil et al. 1998). However, coupled with meiotic observations, allozyme data or data from Mendelian markers (Olson 1997) and locus specific molecular markers using FISH (Lichter 1997 ) may give better precision in this regard.
